Fluorescent quantitation of epinephrine and norepinephrine in plasma of patients suspected of having pheochromocytomas is of considerable diagnostic value. The concentrations of these pressor amines in normal subjects, patients with various diseases with and without hypertension, and 13 patients with pheochromocytomas are reported. In all patients with pheochromocytomas and sustained hypertension the concentrations of pressor amines were significantly elevated. However, in patients with paroxysmal hypertension secondary to pheochromocytomas the pressor amine concentrations may be unelevated when the blood pressures are normal. In this latter group
provocative tests with intravenous histamine are indicated to induce hypertension prior to quantitating pressor amines. ITH a chemical method available for estimating the concentration of epinephrine and norepinephrine in plasma,, 2 it has been possible to quantitate these pressor amines in 13 patients with pheochromocytomas. Initially in this study, the method of Weil-Malherbe and Bone,' which consists of alumina adsorption of the pressor amines from plasma followed by elution with acetic acid and condensation with ethylenediamine, was used to obtain a measurable fluorescence. Since this method allowed only the estimation of the concentration of total pressor amines (that is, "adrenalinelike" substance), we devised a modification2 that consists in the use of sodium thiosulfate, which From the Mayo Clinic and Mayo Foundation, Rochester, Minn. The Mayo Foundation is a part of the Graduate School of the University of Minnesota.
Abridgment of portion of thesis submitted by Dr. Manger to the Faculty of the Graduate School of the University of Minnesota in partial fulfillment of the requirements for the Degree of Doctor of Philosophy in Medicine. 641 affects differentially the fluorescence of epinephrine and norepinephrine, thus enabling the quantitation of each. According to Weil-Malherbe and Bone,3 it has been established that the fluorescent substances estimated in the blood of normal human subjects are "identical with adrenergic amines in their affinity to amine oxidase in RF values and in the fluorescence spectra of their derivatives." However, it is possible that in some disease states, particularly where there is associated azotemia, there may be a significant retention of fluorescent substances other than the pressor catechols which could cause erroneous calculations.
The concentration of epinephrine and norepinephrine in venous plasma was estimated unless otherwise indicated, and it was not required that patients be fasting when blood was obtained. Concentrations are expressed in micrograms per liter of plasma (1) of "epinephrinelike substance" and (2) of epinephrine and norepinephrine individually. The estimate of "epinephrinelike substance" refers to the concentration equivalent of the fluorescence 3.96 0.8-6.2 1.7 * This is the equivalent of the fluorescence reading (before addition of Na2S203) if it were due entirely to epinephrine. It is equal to the epinephrine plus 0.316 times the norepinephrine.
t When calculated values (equation 5, ref. 2) were less than zero (due to errors intrinsic in the method when small quantities are involved) the concentration of epinephrine was recorded as 0. reading before addition of sodium thiosulfate were it all due to epinephrine. The fluorescence is usually due to both epinephrine and norepinephrine, but since norepinephrine exhibits only about a third of the fluorescence that epinephrine does, the recorded concentration of "epinephrinelike substance" is less then the sum of the recorded epinephrine and norepinephrine. This term "epinephrinelike" (or "adrenalinelike") was first introduced by Weil-Malherbe and Bone1 and has been retained, since many such determinations were performed before a method of estimating the individual concentrations of epinephrine and norepinephrine had been devised.
RESULTS IN NORMAL SUBJECTS
The plasma concentrations of pressor amines in 11 normal subjects without hypertension are recorded in table 1. The concentration of "epinephrinelike" substance was never found to exceed 2.5 ug. per liter, and this was almost entirely norepinephrine with little if any epinephrine. The mean concentration of "epinephrinelike substance" was 1.6 jg. per liter.* However, from the analysis of large * Weil-Malherbe and Bone' reported a mean concentration of approximately 3 sg. per liter. quantities of plasma by the method of paper chromatography followed by elution and fluorometric quantitation, it appears that a small percentage of fluorescence in normal plasma may be due to substances other than epinephrine and norepinephrine.
RESULTS IN PATIENTS WITHOUT PHEOCHROMOCYTOMA
In table 2 are recorded the plasma concentrations in 25 patients without pheochromocytomas. As indicated, most of these patients had hypertension--either primary or associated secondarily with their disease process. Many of these patients were chosen for study because some of their symptoms, signs and laboratory findings may simulate those in patients with pheochromocytomas. It is noted that the highest value for epinephrinelike substance was 3.1 jig. per liter and that the sum of epinephrine and norepinephrine was never more than 11.2
Mg. per liter. The latter concentration occurred in a patient with renal hypertension and blood urea of 196 mg. per 100 ml. It is possible that in this patient, and in two other patients with essential or renal hypertension and blood ureas of 342 and 122 mg. per 100 ml. respectively, retention of catechols other than epinephrine and norepinephrine accounts in part for the high values of pressor amines. In all the other patients, the blood ureas, when determined, were essentially normal. If the patients with azotemia are excluded from the series, it is noted that the sums of epinephrine and norepinephrine for all the subjects are less than 8 ig. per liter. The values obtained in one of the remaining patients are difficult to interpret since this patient (case 23) had received epinephrine, corticotropin and cortisone for treatment of asthma prior to quantitation of her blood. Adrenocorticotropic hormone and cortisone have been reported to decrease the urinary excretion of epinephrine and nor-epinephrine4, 5 and may possibly influence the plasma concentration of the pressor amines. Patient 1 had false positive Regitine tests perhaps because of previous sedation, and an exploratory laparotomy revealed no evidence of a pheochromocytoma in the abdomen. The relatively high percentage of epinephrine in patients with Cushing's disease and one of the patients with thyrotoxicosis is an interesting finding which must be further investigated.
No correlation was apparent between the height of the blood pressure and the concentration of pressor amines. But it should be mentioned that some of these patients were being treated with antihypertensive drugs which possibly may decrease the plasma concentration of the pressor amines. Certainly with the use of a ganglionic blocking agent it would seem possible that the quantity of norepinephrine liberated into the blood would be decreased.
However, this problem requires further investigation.
RESULTS IN PATIENTS WITH PHEOCHROMOCYTOMA
The major complaints and findings in 13 patients with pheochromocytoma are summarized in table 3. Nine of these had sustained and four had paroxysmal hypertension. There were nine men and four women in this series, with an age range of 12 to 51 years. All of these patients complained of headaches; six had visual complaints; nervousness, excessive sweating, tachycardia, palpitations, sensations of weakness, and loss of weight were not uncommon. A severe retinopathy was observed in six of the patients, and elevation of the basal metabolic rate and blood sugar was Pt. figure 1 are recorded the preoperative and postoperative (at least three days after all pressor amine medication for blood pressure stabilization had been discontinued) plasma concentrations of epinephrinelike substance, epinephrine and norepinephrine in the patients with pheochromocytoma. In the group with sustained hypertension and in two of the patients with paroxysmal hypertension, the amounts of epinephrinelike substance and the sums of epinephrine and norepinephrine were invariably greater than the highest values obtained on normal subjects or patients without pheochromocytoma. The lowest value in patients with pheochromocytoma and sustained hypertension was 4.2 Mug. per liter of epinephrinelike substance and 12.2 Mug. per liter for the sum of epinephrine and norepinephrine. Also, if patients with azotemia are excluded, the norepinephrine concentration in the patients with sustained hypertension and pheochromocytoma was higher than in normal subjects or patients without pheochromocytoma. In two of the patients with paroxysmal hypertension the preoperative concentrations of pressor amines were not elevated, but the blood pressures were normal when blood samples were obtained. In two of the patients following removal of the tumors the concentrations of epinephrinelike substance were slightly higher than in any of the normal subjects or patients without pheochromocytomas. One of these patients (case 8-s) had metastatic pheochromocytoma and had also received cortisone just prior to operation, which may have influenced the pressor amine concentrations. When the latter patient was seen one year later, the concentrations of epinephrinelike substance and norepinephrine were elevated (4.5 and 14.6 Mug. per liter, respectively), and, though the pharmacologic tests for pheochromocytoma were equivocal, this patient very probably has residual functioning tumor tissue.
EFFECT OF PHARMACOLOGIC TESTS In table 5 are recorded the effects of several drugs on the blood pressure and plasma con-Pt. centration of pressor amines in five patients with pheochromocytoma and five patients (controls) without pheochromocytoma. In patients 6-s, 10-p and 12-p, histamine intravenously administered caused a rise in blood pressure and an increase in concentration of epinephrinelike substance in plasma obtained several minutes after administration of the drug. In patient 9-s, estimation of the concentration before administration of drugs was unfortunately not performed. However, several minutes after histamine (and Regitine to depress the marked rise in blood pressure) had been given intravenously, the concentration of epinephrinelike substance was 4.7 Mg. per liter.
Also about 12 hour later the concentration was 6.0 Mg. per liter though the blood pressure was 144 mm. Hg systolic and 98 diastolic when the blood for this second determination was obtained. This latter finding and the fact that in patient 7-s Regitine alone and Regitine followed by Benodaine intravenously administered caused no appreciable changes in the pressor amine concentrations, despite a lowering of the blood pressure, supports the view that neither of these two drugs destroys the pressor amines. No significant increase in the epinephrinelike concentration was noted following the intravenous administration of histamine to patients without pheochromocytoma or to patient 9-s when he returned about one year after operation with symptoms slightly suggestive of a recurrent pheochromocytoma. The reason for the slight increase in quantity of epinephrinelike substance in one of the control patients with hypertension from 2.7 to 3.7 Mg. per liter following intravenous administration of Regitine is not known. In high concentration, Regitine will produce fluorescence detectable by the method used for determination of the pressor amines but not at the concentrations found in plasma, even after very large amounts have been administered intravenously.
EFFECT OF ANESTHESIA The effects of anesthesia on blood pressure and pressor amine concentrations in five It should be noted that in patients 4-s, 6-s and 13-p the arterial plasma and not the venous plasma was analyzed during anesthesia, which does not permit a strict comparison with the preanesthetic venous concentrations. In all the patients with pheochromocytoma except 1-s, the pressor amines during anesthesia were significantly increased, and markedly so in patient li-p.
In the control patient no appreciable change was observed in venous or arterial plasma drawn simultaneously during anesthesia.
EFFECT OF ANESTHESIA AND PALPATION OF PHEOCHROMOCYTOMA The effect of anesthesia and anesthesia plus palpation of the pheochromocytoma in three patients is represented in figure 3 and also the effect of anesthesia and anesthesia plus palpation of the adrenal glands in a patient in whom no tumor was found. In patient 3-s the increase in concentration of epinephrinelike substance from the effect of anesthesia alone is noted and then the very marked increase after palpation of the tumor. In the latter instance concentrations were determined on plasma obtained simultaneously from venous and arterial blood of the same arm. It is interesting that the arterial sample contained more than twice the concentration in the venous plasma, indicating a considerable loss of pressor amines in the forearm secondary to metabolic destruction or diffusion or both. This patient had a malignant pheochromocytoma with extensive metastases which were not removed. In patient 12-p there was no effect of anesthesia on either the venous or arterial pressor amine concentrations. However, palpation of the tumor caused a considerable increase in the arterial concentration. Only a slight increase in concentration was noted in the patient without a pheochromocytoma during anesthesia and adrenal gland palpation.
No correlation is apparent between the type of anesthetic agents employed and the quantity of pressor amines liberated into the circula- However, the series is too small to permit any definite conclusions. Neither Pentothal sodium nor ether produced any fluorescence with our analytic procedure.
RESWLTS OF PHEOCHROMOCYTOMAS ANALYZED
Finally, alcoholic extracts of the pheochromocytomas removed at operation were prepared in the following manner as suggested by Dr. E. C. Kendall:
As soon as each tumor was removed it was placed in dry ice and frozen solid to minimize oxidation and deterioration of the pressor amines. Five to 10 Gm. samples of the frozen tumor were crushed, weighed and extracted with 5 volumes of cold alcohol containing a small amount of acetic acid and sodium bisulfite.
These extracts were then diluted 5,000 to 10,000 times with glass-distilled water, and 10 ml. of this dilution was condensed directly with ethylene diamine without initial adsorption on an alumina column as is necessary with blood. This was deemed advisable since the percentage loss of pressor amines from these alcoholic extracts during the adsorption, and elution process, despite the addition of sodium thiosulfate as an antioxidant, is considerable.
A poor recovery is also noted if water solutions of epinephrine and norepinephrine with this antioxidant are passed through an alumina column. With addition of water solutions of pressor amines or tumor extracts to a mixture of plasma, antioxidant (sodium thiosulfate) and anticoagulant (sodium fluoride) the recovery of epinephrine or norepinephrine or both is approximately 93 per cent. Thirteen experiments to determine the recovery percentage were performed on specimens of plasma to which various quantities of epinephrine or norepinephrine or both had been added. These were then analyzed according to the method of Weil-Malherbe and Bone.1 The mean recovery was 92.9 per cent, and the standard deviation of the recovery percentages was 4.7 per cent. The latter adds to the error of 14 per cent previously reported2 when quantitation of epinephrine and norepinephrine is made using Extraneous fluorescence from substances other than epinephrine and norepinephrine in these diluted extracts is negligible. Consequently, quantitation of the epinephrine and norepinephrine in these tumor extracts was accomplished in about two hours, whereas the analysis of plasma required about four and one-half hours. A number of tumor or plasma extracts may be analyzed simultaneously without requiring much additional time. If kept in the refrigerator, the alcoholic tumor extracts did not appreciably deteriorate for at least several weeks (one sample showed no change in the pressor amine concentrations after 27 days).
The locations, weights and concentrations expressed in milligrams of pressor amines per gram of tumor are recorded in table 6.
In all of the tumors analyzed for epinephrine and norepinephrine, the amount of norepinephrine was greater than that of epinephrine except in patient 11-p, in whom the per-centages were about equal. Two extracts were prepared from different portions of four of the tumors, and the difference of pressor amine concentrations is particularly noticeable in patients 7-s and 12-p. This latter finding indicates that the concentrations are not uniform in some pheochromocytomas. In addition to the more accurate fluorometric quantitation of pressor amines in the tumor extracts, estimations were also made by the method of paper chromatography.7 Similar values obtained by the two methods lend further support to the specificity of the fluorometric method. Recently in one pheochromocytoma discovered at necropsy, hydroxytyramine in addition to epinephrine and norepinephrine was found on chromatographic analysis. Addition of known hydroxytyramine to the sample intensified this spot when the chromatograms were run in two different solvents (75 per cent phenol; normal butanol saturated with 1 normal hydrochloric acid). It is possible that the appearance of hydroxytyramine was in some way related to postmortem changes in the embalmed specimen. This is the first time that we have observed any catechols other than epinephrine and norepinephrine in 35 pheochromocytomas analyzed chromatographically. Hydroxytyramine has been found in sheep adrenalss and human urine.9
COMMENT
Of the 13 patients with pheochromocytoma reported, all those with sustained hypertension and two with paroxysmal hypertension had elevated plasma concentrations of pressor amines as compared with normal subjects and patients with hypertension due to other causes. Of the two remaining patients with paroxysmal hypertension and pheochromocytoma, the concentration of pressor amines became elevated in one after a provocative histamine test and in the other during anesthesia administration-which often simulates a provocative test in patients with pheochromocytoma. Unfortunately the effect of histamine was not observed in this latter patient. In this series and method of analysis, plasma concentrations greater than 4 ug. per liter of epinephrinelike substance and 12 jig. per liter for the sum of epinephrine and norepinephrine have without exception been diagnostic for pheochromocytoma. However, since our series is small, patients with azotemia should be more carefully evaluated, since in this instance there may be retention of fluorescent substances other than epinephrine and norepinephrine which would falsely give high values for the pressor amine concentration. The possibility of the retained fluorescent substance being phenol has been fairly well excluded by treating ethylenediamine with concentrations of phenol which may occur with severe azotemia. No fluorescence was obtained.
It was found essential to obtain blood during or shortly after a paroxysm of hypertensioneither naturally occurring or induced by a drug such as histamine-to establish a diagnosis in some of the patients with paroxysmal hypertension secondary to pheochromocytoma. In this series of 13 patients the per cent of norepinephrine in the preoperative and postoperative plasma was invariably higher than that of the epinephrine. This latter finding is consistent with the higher concentrations of norepinephrine noted in the tumor extracts and in the plasma of normal subjects. In patient 9-s, chromatographic separation of pressor amines in the tumor extract revealed 5 mg. per gram tumor of epinephrine and 1.3 mg. per gram tumor of norepinephrine. Very likely the plasma concentrations in this patient would have also contained a high percentage of epinephrine, but unfortunately the method2 for determination of the individual pressor amines was not available.
Using an entirely different fluorometric method of analysis,10 Lund reported data on five patients in whom the total amounts of epinephrine and norepinephrine in plasma were elevated during episodes of paroxysmal hypertension." Four of these patients were proved to have pheochromocytomas, but no tumor was found in the fifth patient. Von Euler, Lund and co-workers,12 using Lund's method, also reported the total plasma concentrations of epinephrine and norepinephrine in a patient with pheochromocytoma. These investigators 650 WILLIAM M. MANGER ET AL.
were unable to estimate the concentrations of pressor amines in the plasma of normal subjects.
SUMMARY
The results of quantitation of epinephrine and norepinephrine in the plasma and tumor extracts of 13 patients with pheochromocytoma and in the plasma of small groups of normal subjects and patients with hypertension and various diseases unassociated with pheochromocytoma are reported. The preoperative plasma concentrations of epinephrinelike substance and total epinephrine and norepinephrine in all the patients with sustained hypertension and pheochromocytoma were significantly elevated (more than 4 Mug. per liter of plasma of epinephrinelike substance and more than 12 gzg. per liter of plasma for the sum of epinephrine and norepinephrine). Though only two of the four patients with paroxysmal hypertension secondary to pheochromocytoma had an elevated concentration of pressor amines, these concentrations could be significantly increased with a provocative drug (for example, histamine) in patients with pheochromocytoma but not in patients without such a tumor.
It appears thus far in this investigation that chemical estimation of the pressor amines in plasma--if combined with provocative tests in patients with the paroxysmal type of hypertension-is a valuable test for screening patients suspected of having pheochromocytoma. Except in patients with pheochromocytoma, the magnitude of hypertension appears to bear no relation to the level of pressor amines in the plasma.
Attention is also called to the occurrence of epinephrine-norepinephrine release in large amounts in most of these patients during anesthesia and especially after palpation of the pheochromocytomas.
SUMARIO ESPANOL
Se informan los resultados de la deter-minaci6n de epinefrina y norepinefrina en el plasma y en los extractos de tumores en 13 pacientes con feocromocitoma y en el plasma de un pequefio grupo de sujetos normales y en pacientes con hipertensi6n y varias otras enfermedades no asociadas con feocromocitoma.
Las concentraciones plasmgticas preoperatorias de substancias similares a la epinefrina y el total de epinefrina y norepinefrina en todos los pacientes con hipertensi6n sostenida y feocromocitoma estuvieron significativamente elevadas (mas de 4 microgramos por litro de plasma de substancias similares a epinefrina y mas de 12 microgramos por litro de plasma de la suma de epinefrina y norepinefrina). Aunque solamente dos de cuatro pacientes con hiper-tensi6n paroxistica secundaria a feocromocitoma tuvieron una concentraci6n elevada de aminas presoras, estas concentraciones pudieron ser significativamente aumentadas con droga provocativa (por ejemplo, histamina) en pacientes con feocromocitoma pero no en pacientes sin tal tumor.
Aparentemente en esta investigaci6n la estimaci6n quimica de las aminas presoras del plasma-si combinada con pruebas provocativas en pacientes con el tipo paroxistico de hipertension-es una prueba valiosa para encubrir pacientes sospechados de tener feocromocitoma. Excepto en pacientes con feocromocitoma, la magnitud de la hipertensi6n parece no tener relacci6n al nivel de aminas presoras en el plasma.
Tambi~n se llama la atenci6n a la posibilidad de liberacidn en grandes cantidades de epinefrina y norepinefrina en muchos de estos pacientes durante la anestesia y especialmente luego de la palpaci6n del feocromocitoma.
